Background: Research studies involving human tissue are increasingly common. However, patients' attitudes toward research biopsies are not well characterized, particularly when the biopsies are carried out outside the context of therapeutic trials.
introduction
In the era of molecularly targeted therapy, the inclusion of pharmacodynamic and tissue-based correlative end points in clinical trials is increasingly common. Although preclinical models provide insights about tumor biology, the direct evaluation of patients' tumor tissue is required to determine whether a target is present in humans to validate whether novel therapeutics 'hit the target' when administered at doses that are tolerable in humans and whether postulated resistance mechanisms are operative in the clinical setting.
Research biopsies are procedures through which tissue is collected for correlative studies, with no intent to use the information for the clinical management of the patient [1] . The biopsy may either be performed as a stand-alone procedure [research purposes only biopsy (RPOB)] or involve additional needle passes at the time of a clinically indicated biopsy [additional biopsy (AB)]. In the context of clinical trials, research biopsies may be either mandatory, where the patient can receive the investigational drug only if the patient agrees to the biopsies, or optional, where the patient can refuse the biopsies but receive the drug. A retrospective review from MD Anderson found that 86.6% of patients who had consented to mandatory biopsies subsequently had the biopsies performed. In contrast, only 4.4% of patients who were offered a biopsy on an optional basis had a biopsy performed [2] . The rate of optional biopsies in clinical trials has been higher in other institutions [3] . Previous survey-based studies have also reported that 18%-36% of patients felt that mandatory research biopsies would deter them from the trial participation [4, 5] . Collectively, these data suggest that patients' willingness to undergo research biopsies are likely influenced by the linkage to clinical trials and extrapolating these data to understand patient perceptions toward research biopsies divorced from the therapeutic trial participation may not be valid.
Although there have been numerous studies evaluating barriers to patient enrollment in therapeutic trials [6] [7] [8] [9] , there are limited data examining patients' willingness and barriers to undergo research biopsies [10] , especially outside the context of a therapeutic trial [11] [12] [13] . We believe that insights into patients' perceptions associated with correlative research tumor biopsies that are unlinked to clinical trials would provide a more accurate assessment of patient perceptions about research biopsies.
Our study reports the results of a survey of the attitudes of metastatic breast cancer (MBC) patients toward undergoing research biopsies. Our research aims to assess whether patients would consider RPOBs and/or ABs outside the context of a clinical trial and to evaluate the factors that are associated with consideration of both RPOBs and ABs. Understanding patients' attitudes may help us improve strategies to further increase patients' willingness to consent to research biopsies. Eligibility criteria included a diagnosis of MBC, being above 18 years old, and an ability to understand written English. Patients were identified from oncologists providing a list of MBC patients or through pharmacy records of patients on metastatic regimens. Consecutive patients were approached and the purpose of the study explained. Patients either completed the questionnaire onsite or returned home to complete it. Patients were informed that a $5 gift certificate would be given upon returning the questionnaire.
questionnaire
The questionnaire was developed based on the authors' experience with the recruitment of patients into clinical trials and a literature review. Inputs from doctors, patients and a patient advocate were sought. The questionnaire was piloted in 38 patients with MBC to ensure the clarity of content and acceptability to patients. The final questionnaire was a 29-item survey (supplementary Figure S1 , available at Annals of Oncology online).
The primary outcome was patients' attitudes toward undergoing an RPOB or an AB. Patients were asked to rate if they would consider undergoing an RPOB or an AB on a 5-point Likert scale (Definitely, Probably, Maybe, Probably Not, Definitely Not). Patients were counted as willing to undergo an RPOB or an AB if they gave a rating of Definitely or Probably.
The questionnaire also collected information on age, education, marital status, prior trial participation, number of prior biopsies and transportation time to the clinic to evaluate the associations with sociodemographic factors, prior experience with biopsies, prior experience with research studies and travel time to the clinic as potential barriers of research participation.
statistical methods
The primary analysis treated willingness to consider an RPOB as a dichotomous variable, collapsing categories (Definitely or Probably versus Maybe, Probably Not or Definitely Not). The sample size of 160 was chosen to provide at least 80% power to detect a difference of 25% among groups in terms of the proportion of patients who would consider an RPOB. Groups were defined by the practice type (academic versus community).
To describe the relationship among patient characteristics and willingness to consider an RPOB, univariate and multivariate analyses were carried out. In addition to the group, independent variables included demographic factors, prior clinical trial participation, number of prior biopsies and transportation time to the clinic. Relative risks (RRs) were determined using the Poisson regression and 95% CI' based on robust variance estimates [14, 15] . Variables were included in multivariate analyses if they were statistically significant at the 0.05 level in univariate analyses. Willingness to consider an AB was analyzed similarly. Comparisons of categorical variables were made using a Fisher's exact test or a Chi-square test where appropriate. All tests were two-sided at the 0.05 significance level.
results
Of 165 women who were invited to complete the questionnaire, 161 (98%) agreed to participate. Four people declined participation; three cited lack of interest and one cited too much paperwork. One patient did not return the questionnaire. Fifty-six (35%), 24 (15%), 32 (20%) and 48 (30%) patients were recruited from DFCI/BWH, BIDMC, NSCC and MCC respectively. The median age was 57 years (range: 28-87). Patient characteristics are reported in Table 1 .
research purpose only biopsies
Fifty-three percent and 50% of patients from academic and community sites, respectively, would consider an RPOB (P = 0.75) ( Table 2 ). The only univariate variable that was statistically significant among patients who would and would not consider an RPOB was the number of previous biopsies (P = 0.03). Patients who had more prior biopsies were less likely to consider an RPOB. With the exception of the number of previous biopsies, multivariate analysis revealed no significant association with any other variable.
additional biopsies
In contrast, 80% and 64% of patients from academic and community sites, respectively, would consider undergoing an AB (P = 0.03; Table 3 ). In the univariate analysis, the only variable associated with patients' willingness to undergo an AB was the practice type (P = 0.03). With the exception of the type of practice, multivariate analysis again revealed no significant association with any other variable.
research biopsies of different organs
Patients in both academic and community sites responded that they were less likely to consider an RPOB in the organs involved that are considered more invasive such as bone marrow or liver biopsies. A statistically significant difference between the two practice types was not observed (Table 4) .
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When patients were asked to consider an RPOB of the breast, 82 (51%) of 160 patients would not consider it. When these same patients were asked to consider undergoing an AB, 49 (60%) of 82 patients replied differently and would consider a research biopsy in this setting (Table 5) .
When considering an RPOB of the liver, 121 (76%) of 160 patients would not consider it. However, of this group, 74 (62%) of 121 patients would consider having an AB of the liver (Table 6) .
reasons for not participating in research biopsies
Patients were asked to list a few reasons why they would not consider participating in RPOBs. For patients in academic sites (n = 14), reasons included; pain or discomfort (n = 9), risk of biopsy (n = 4), no direct benefit (n = 4), anxiety related to biopsy (n = 4) and inconvenience of the procedure (n = 4). Among 23 patients in community sites who responded, their reasons included; pain or discomfort (n = 14), risk of biopsy (n = 11), inconvenience of the procedure (n = 9), anxiety related to biopsy (n = 8) and no direct benefit (n = 4).
Among patients from academic sites who listed reasons for not participating in ABs (n = 5), their reasons included; risk of biopsy (n = 3), pain or discomfort (n = 2), no direct benefit (n = 1) and anxiety related to biopsy (n = 1). Among patients from community sites (n = 8), their reasons included; pain or discomfort (n = 6), anxiety related to biopsy (n = 5), risk of biopsy (n = 5), inconvenience (n = 1) and no direct benefit (n = 1).
discussion
Tissue from research biopsies are essential to our understanding of tumor biology, and understanding patients' attitudes toward research biopsies may improve our strategies to increase their willingness to consent to research biopsies, leading to more access to tumor tissue. We carried out a crosssectional survey of patients with MBC treated in academic and community hospital clinics to ascertain their willingness to undergo research biopsies either in the setting of having additional needle passes in clinically indicated biopsies (AB) or as a stand-alone procedure (RPOB). We found that 51% of patients would consider RPOBs outside the context of a clinical trial. This is a substantial proportion of patients who would potentially contribute to research purely for altruistic reasons. In addition, patients' consideration of an RPOB did not vary by setting. We also found that most patients (72%) would consider an AB, though the likelihood was higher among patients at academic hospitals (80% versus 64%, P = 0.03).
Several groups have evaluated factors associated with participation in clinical trials, showing that practice type, age, education, race, insurance type and employment status are important factors [6, 8, 9, 13] . In our study, the practice type was associated with a patient's willingness to undergo an AB but was not associated with the likelihood of considering an RPOB. It is conceivable that patients who are treated at academic centers are more exposed to the research environment and feel inclined toward contributing to research, especially if they perceive that the cost in terms of time or risk is low, as in the case of ABs. In addition, it is possible that physicians' attitudes toward ABs may differ between academic and community sites and may influence patients' perceptions. However, this question has not been studied previously. Another interesting finding is that patients who had more prior biopsies were less likely to consider an RPOB (P = 0.03). This suggests that prior biopsy experiences may have been negative and further research into patients' experience may be required. However, this variable was not associated with willingness to consider an AB. Ethical concerns about including mandatory research biopsies in therapeutic trials have been raised because of the potential for coercion or the lack of patient understanding about the intent of the biopsy [1, 12, 16, 17] . Others have endorsed the inclusion of required biopsies provided that participants are fully informed and the study is designed to address the scientific questions at hand [18, 19] . Most of the literature on patients' perspectives on research biopsies has been in the context of phase 1 trials [2, 12] with little data outside of the context of a clinical trial (e.g. without potential for confounding based on a desire to receive an experimental agent) to inform the debate [2, 12] .
One study interviewed 40 phase 1 trial patients, with 70% of participants indicating that they would undergo optional non-therapeutic biopsies within a clinical trial, suggesting that non-therapeutic biopsies are not barriers to research participation [4] . In a follow-up study, Pentz et al. reported that two-thirds of patients misunderstood the lack of benefit of a research biopsy in the context of a phase 1 trial, raising concerns that patients would not agree to biopsies outside of a trial if they had a true understanding of the lack of personal benefit. Although cross-study comparisons are limited given major differences in the study populations, it is notable that 72% and 51% of MBC patients in our study indicated a willingness to undergo an AB and an RPOB, respectively, despite it being unlinked to any type of therapeutic trials.
Another interesting finding of this study surrounds the attitudes of patients who would decline an RPOB. For breast mass biopsies, 60% of patients who would decline an RPOB would consider an AB. For liver mass biopsies, 62% of patients who would decline an RPOB would consider an AB. Although this finding is perhaps not surprising, it does identify an opportunity for enhanced efforts at tissue collection to answer specific translational questions. For example, at the first cancer recurrence, it is increasingly considered the standard of care to obtain a biopsy to confirm the diagnosis and to re-check P-values correspond to the Fisher's exact test using available data.
Annals of Oncology original articles
hormone receptor (HR) and human epidermal growth factor receptor 2 status given its importance in patient management [20] . Similarly, re-biopsy may be indicated in the setting of the development of resistance to endocrine therapy in HR-positive breast cancer to determine whether the tumor still expresses HRs. Again, the mechanisms underlying endocrine resistance in breast cancer are poorly understood, partly due to a lack of available tissue for investigation. If patients were more routinely approached for a research biopsy in the context of these scenarios, eventually a rich tissue resource could be built. Our study had a number of limitations. This is a relatively small study of women treated across four institutions in the Northeast United States, limiting the multivariable analyses. Previous studies have suggested that women, particularly those with breast cancer, are more willing to undergo optional biopsies and participate in clinical trials compared with the general oncology community [2, 21] . Patients participating in this survey also had a higher rate of prior clinical trial enrollment than reported for the average adult cancer population [22] . Patients with late-stage cancers may be more vested in research, and MBC patients may not be reflective of cancer patients as a whole. We did not specifically assess the health literacy of our patients. However, over 90% of our population had graduated from high school and the educational level was not a significant predictor of willingness to undergo a biopsy in our model. Moreover, it is notable that patients were clearly less willing to consider more invasive biopsies (i.e. the liver) and more willing to undergo a breast biopsy or venipuncture for research. This suggests that patients did indeed understand and considered each scenario seriously. Even if patients did completely understand what was being asked of them, our study design consisted of patients being given hypothetical scenarios where they were asked to consider participating in theoretical biopsies. We acknowledge that there may be a difference among 'willingness to consider', 'willingness to consent' and actually undergoing a research biopsy. At DFCI, we have had a clinical protocol open to allow informed patients to undergo either an RPOB or an AB that is not linked to a specific therapeutic trial. Over the past 12 months, 18 and 34 patients have undergone RPOBs and ABs, respectively. Unfortunately, we did not collect data on the approach and the decline rate to be able to estimate patient's willingness to undergo biopsies as well as physician factors that might influence the biopsy rates. We are currently developing projects to better understand this issue. We did not assess if the type of testing and analysis (e.g. genetic testing) performed on the specimens would change patients' perceptions in undergoing research biopsies. We also did not assess whether receipt of research results would impact patient's acceptance of research biopsies. Finally, we did not inquire directly about patient motivations to undergo research biopsies and cannot exclude the possibility that patients may still perceive personal benefit from the biopsy (therapeutic misconception). However, we believe that a strength of our study is that we asked about research biopsies outside the context of a therapeutic trial, thus minimizing the potential for therapeutic misconception to some extent.
We believe that our findings have important implications for research utilizing human tissue. First, we found that the majority of MBC patients in both academic and community sites would consider undergoing an AB, opening up an avenue to collect tissue for research in a way that is acceptable to many patients. We believe that it is reasonable to routinely discuss with patients the option of an AB when a clinical biopsy is being entertained. Second, we must be sensitive to patient's needs and concerns. The top three reasons cited for not participating in research biopsies included pain, risk of the procedure and anxiety related to the biopsy. This further emphasizes the need for patient education and efforts by clinicians to minimize these risks. Research biopsies should occur within the context of an IRB-approved protocol governing patient consent, guidelines for tissue acquisition and storage, adverse event reporting and use of tissues. We should solicit feedback from patients undergoing biopsies and work with all parties involved to continually improve pre-procedure counseling and consent discussion, minimize risk and minimize procedure-related pain and anxiety. Finally, given that about half of the patients would consider an RPOB even when asked outside of the context of a therapeutic trial, our findings suggest a greater willingness of patients to participate in research biopsies than might be otherwise assumed by providers, investigators or IRBs and could help to inform discussions about how such biopsies might be appropriately incorporated into translational studies and/or clinical trials. Our study also showed that there were no statistically significant differences in the consideration rates of RPOBs in both academic and community settings. This suggests that there is a potential opportunity to obtain tumor tissues in both settings for research purposes.
In summary, our study suggests that many MBC patients would consider research biopsies even outside of the context of a clinical trial. Efforts to educate and communicate with patients about the importance of tissue in research and the RRs of tissue donation should be explored, as should continued efforts to ensure that patients understand the nature of research biopsies to minimize therapeutic misconception. Finally, further research to explore clinician's attitudes toward research biopsies may also improve our understanding of barriers that hinder access to human tissue for scientific research. original articles Annals of Oncology
